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— Basics of stellar evolution
— The life of modern stars

II Primordial Stars
— Birth _
— Life and death
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l Gaseous Pillars - M16 HST - WEPC2

PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA
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PRCS9-01 » Space Telescope Science Institute « Hubble Heritage Team (AURA/STScI/NASA)




The Crab Nebula in Taurus (VLT KUEYEN + FORS2)

ESO PR Photo 40f/99 ( 17 November 1999 ) © European Southern Observatory




10,000 km
white dwarf

density: 1,000,000 g/cm’

. neutron star
density: ~100,000,000,000,000 g/cm’
3 km
® black hole
6,000 km

earth
density: 5.5 g/cm3
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Sun
density: 1.4 g/cm3
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Relative Abundance by Weight

Universe Humans
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First Structure Formation 257
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Fig. 3. Million-fold zoom showing the multiscale structure of a primordial protostel-
lar cloud core in the center of a low mass halo at z=19.1. Plotted is the logarithm of
the baryon overdensity on a slice passing through the densest structure on the grid.
Zoom proceeds clockwise from upper left. Linear scales are proper. The smallest
grid cell in the center of the cloud core in the last frame is 27* pc = 43 AU.
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Black Holes
| Metal Enrichment
White Dwarfs

Mass Fraction

30

10° 100 10° 10’

Stellar Mass (Mo)

F1G. 8.—Schematic IMF of Population III stars. Solid and dashed lines
are the IMFs for 3 o and 1 ¢ density fluctuations, respectively. The IMF of
Population III stars is likely to be bimodal and approximated by a super-
position of two power-law-like components with two different peaks of
m,, ~1-2 M and m,, ~ a few times 10-10> M,. The relative height of
the first peak descends with time compared to the second peak. According
to a recent theory of stellar evolution, stars with masses between 1-2 and 8
M g are likely to evolve to white dwarfs that may reside in galactic halos as
baryonic dark matter. Stars with masses between 8 and 35 M probably
evolve to supernovae and eject heavy elements in the intergalactic medium.
Stars with masses between 35 and 10> M, and greater than 250 M, are
likely to collapse into black holes and may be responsible for baryonic
dark matter. Stars with masses between 10% and 250 M , probably explode
as supernovae and inject heavy elements into the intergalactic medium.
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Mass Loss in Very Massive Primordial Stars

e negligible line-driven winds
(mass loss « y/metallicity)

e NO opacity-driven pulsations
(no metals)

e continuum-driven winds not yet understood
likely small contribution

e epsilon mechanism inefficient in metal-free stars
below < 1000 solar masses
From pulsational analysis we estimate:

— 120 solar masses: < 0.2 %
— 300 solar masses: < 3.0%
— 500 solar masses: < 5.0%
— 1000 solar masses:. <12% .
during central hydrogen burning.

e Red Super Giant pulsations could lead to significant mass
loss during helium burning for stars 2 500 solar masses
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Elemental Mass Fraction
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Elemental Mass Fraction
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log( production factor relative to solar )

Production Factor of Primordial Massive Stars
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Bright Supernovae at the Edge of the Universe

explosion energy up to 103 erg
(50 — 100x that of “normal” supernovae)

up to 50 solar masses of radioactive °°Ni
(100x that of Type Ia supernovae)

Assuming that 10-% of all baryons go into stars of 250 solar
masses, at a red shift of 20, the rate of events could be as
high as one every 6 sec. _

(For a current standard cosmology, 25 = 0.7, 2matter = 0.3,

Ho = 65km/s/Mpc, Qparyons = 0.02/h? = 0.047)

They would last about 10yr in the observer frame
(due to large mass)

This computes to ~1000 of these objects are visible per square
degree at any given time
(assuming no extinction)

They are intrinsically a few times brighter

than Type Ia supernovae

(in bolometric luminosity)

Note that the bolometric luminosity of an object at a redshift of 20 is
not much less than that of an object with at redshift of a few, where
Type Ia supernovae have already been observed!

Only observable in the near infrared
(due to absorption by neutral hydrogen short of 1215 A,
redshifted by a factor 14redshift)
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Summary

Due to their unique composition, the birth, life and
death of the first stars is very different from later
generations:

e They are likely born much more massive.
(mass scale: 100 solar masses)

e They are more compact and hotter.
(typically 100,000 K for a 100 solar mass star)

e Even stars of several 100 solar masses might not lose
significant amounts of mass before death.
(no winds, no epsilon mechanism)

e They can encounter the pair-creation instability:
— energetic explosions of up to 100x that of “normal”
supernovae (10°3 erg kinetic energy)
— up to 50 solar masses °°Ni ejected
— might be seen directly by NGST — out to red shift 20!

e Peculiar nucleosynthesis pattern from pair-creation
supernovae:
— no heavy elements beyond zinc produced
— NO r-process, N0 S-process

e Odd-even elemental pattern in all massive stars,
but particularly strong in pair-creation supernovae.

Outlook

e Influence of rotation on mass limits and nucleosynthesis.

¢ Multi-dimensional simulations of
pair-instability supernovae.

e Detailed study of pulsational pair instability.
e Search for stars with VMS nucleosynthesis pattern.



